The ash whitefly, Siphoninus phillyreae (Haliday) (Homoptera: Aleyrodidae), invaded and rapidly spread throughout California beginning sometime before August 18, 1988 when it was first detected. The ash whitefly's previous distribution was limited to Europe, the Middle East, and north Africa, where it feeds primarily on trees and woody shrubs. In 1989, outbreak populations of the ash whitefly occurred in several major urban centers in California, defoliating ornamental trees commonly planted by local governments and homeowners. Outdoor activities by homeowners also were curtailed by the high number of adult whiteflies in the air that posed a respiratory health threat. Within 3 years of the whitefly's invasion of California, Encarsia inaron (Walker) (Hymenoptera: Aphelinidae), was imported, mass reared, and released in 43 of 46 affected counties. The summer infestation density of the ash whitefly before releases of E. inaron averaged 8 to 21 individuals/cm 2 leaf. Within 2 years of E. inaron releases, the infestation density of the ash whitefly averaged 0.32 to 2.18 individuals/cm 2 leaf. The decrease in the ash whitefly density resulted from the rapid spread and establishment of E. inaron. Parasitized ash whitefly, 1 year after E. inaron releases, averaged between 63 and 97% throughout the summer. Based on the economic value of preserving healthy ornamental/evergreen pear and ash trees, the ash whitefly biocontrol effort provided $219,822,823 and $298,803,970 in esthetic benefits to California in wholesale and retail replacement values, respectively. For every dollar spent by the State Biological Control Program and the University of California, approximately $181 in wholesale and $245 in retail esthetic value for the primary hosts of the ash whitefly were preserved. r
INTRODUCTION
The first North American record for ash whitefly, Siphoninus phillyreae (Haliday) (Homoptera: Aleyrodidae) was in Los Angeles County, California, on August 18, 1988 . By October 1991 the whitefly had spread throughout much of the state, infesting 46 of 58 counties. Only the most mountainous and coolest regions of California did not become infested. The ash whitefly's previous distribution was Palearctic, from Ireland in the west to India in the east. S. phillyreae is polyphagous, attacking a broad range of both deciduous and evergreen woody shrubs and trees (Sorensen et al., 1990) . The ash whitefly's most favored hosts in California include trees and shrubs commonly planted by local governments and homeowners, i.e., ash trees (Fraxinus spp.) and evergreen and ornamental pears, Pyrus calleryana Decaisne and Pyrus kawakamii Hayata, respectively. The ash whitefly reached outbreak populations in major urban centers of southern California in 1990 where primary and several secondary hosts such as hawthorn (Rhaphiolepis indica Lindley), Pyracantha sp., tulip tree (Liriodendron tulipifera L.), and other species are commonly planted. Based on street inventories from 14 cities in California, ash whitefly affected approximately 17% of the urban landscape. Ash whitefly populations became so dense in some urban areas that it caused early season defoliation of infested plants (Bellows et al., 1992) . The high number of adult whiteflies in the air curtailed outdoor activities due to health problems associated with their inhalation. The whitefly has remained principally an urban pest because the only agricultural crops on which it has reached damaging numbers are pomegranate, Punica granatum L., and Asian pear, Prunus pyrifolia Nakai (W. Bentley, personal communication), crops of about 7533 and 889 ha, respectively, in California (State of California, 1990) .
Initial field observations in 1989 indicated that the only natural enemies attacking the ash whitefly in California were indigenous generalists. Because inva-sions by other whitefly species around the world have been controlled through importation of specific natural enemies found in their native range (Muniappan et al., 1992; Onillon, 1990; Rose and Rosen, 1992; Rose and DeBach, 1992; Summy and Gilstrap, 1992 ) the Department of Food and Agriculture (CDFA) and the University of California (UC) initiated an importation and establishment program for ash whitefly-specific natural enemies. Two populations of Encarsia inaron (Walker) (5partenopea Masi) were cultured at UC Riverside, one from Italy and a second from Israel. Preliminary releases showed that E. inaron is extremely effective in reducing the density of ash whitefly populations (Bellows et al., 1992; Gould et al., 1992a,b) .
The potential economic return from a classical biological control project to specific interest groups (growers, foresters, etc.), and to society as a whole, can be immense, yet difficult to assess, and go unreported (Huffaker et al., 1976; Tisdell and Auld, 1989; Tisdell, 1990) . For urban trees, assessing the economic value of biological control can be especially challenging since their contribution to the scenic beauty of the urban environment is difficult to estimate. In addition, successes in biological control may be largely unnoticed by the general public because their long-term success prevents landscape degradation.
Justification for publicly supported programs is especially important in view of the trend to downsize government. Classical biological control can best be supported through public funds or commodity groups because there is no profit incentive for establishing self-sustaining exotic natural enemies. The benefits of such efforts include not only the economic value of protected crops but also preservation of scenic beauty in urban landscapes. In addition to reporting on the statewide establishment and impact of E. inaron on the ash whitefly, this analysis includes the cost and benefit from using an imported natural enemy to control it in an urban environment.
MATERIALS AND METHODS

Rearing of E. inaron
Parasitoid cultures were maintained at both UC Riverside and CDFA's Biological Control Insectary in Sacramento in 1990. In 1991 and 1992 E. inaron was reared only at the latter location. E. inaron was reared inside glass greenhouses on 1-year-old ash trees [Fraxinus uhdei (Wenzig) ] infested with the ash whitefly, potted in 3.8 liter containers using a Redi-Gro peatvermiculite mix. Greenhouses were maintained at 18 to 27°C.
Distribution and Release of E. inaron
The state-wide distribution of E. inaron was accomplished from 1990 to 1992 by establishing one to six release sites in each county reporting infestations of ash whitefly (Fig. 1) . Counties with greater than six release sites participated in evaluation studies not reported in this manuscript (Bellows and Ball, unpublished data) . Parasitoids were released only once at each release site. Selection and prioritization of release sites was conducted in cooperation with county government personnel. E. inaron was released into 43 counties of California from 1990 to 1992 (Fig. 1) . The Israel strain was released into all counties but San Diego, where the Italian strain was released. The former strain was from a region that more closely matched the warmer, inner valleys and deserts of California than where the Italian strain was collected. We made releases into 5 counties in , 28 in 1991 , and 3 in 1992 Solano County received E. inaron in both 1991 and .
The Biological Control Committee of the California Association of County Agricultural Commissioners ranked counties to receive parasitoids by the date at which the ash whitefly was first reported in a county. Release sites consisted of a single tree, free of insecticide applications and within a city block of evergreen, winter hosts of the ash whitefly: e.g., Citrus spp., toyon [Heteromeles arbutifolia (Aiton) M. Roemer], and Pyracantha spp. Most release sites consisted of ash, ornamental pear, evergreen pear, or pomegranate and were located in yards of private homeowners, parks, or other local government properties. Release sites were located within cities and counties in a configuration to maximize the distance between sites. Parasitoids were released from July against the first generation of whitefly nymphs until October, after which trees senesce. Adult E. inaron were aspirated into 8-dram vials streaked with honey and transported in coolers to these sites within 1 day of collection. Two hundred and fifty adult E. inaron were released at each site. Half of the parasitoids were released onto foliage and half were placed in a synthetic organdy sleeve cage fitted over a branch of foliage containing the ash whitefly in order to limit dispersal of the parasitoids. Cages (30 cm diameter by 70 cm long) were then removed from branches within 3 days after parasitoids had been introduced.
Field Evaluation of Parasitism
Trees were monitored for up to 3 years to determine whether the parasitoid became established and persisted and to evaluate the impact that parasitoids had on the ash whitefly. Sites at which E. inaron was released in 1990 were sampled for 3 years, those sites with releases in 1991 for 2 years, and those with releases in 1992, for 1 year. Sites were sampled for the presence of parasitism (i.e., percentage of whiteflies with internally feeding E. inaron or indigenous parasitoids) just prior to release and approximately every 6 weeks thereafter through November. We continued to assess parasitism and ash whitefly density three to four times annually (June-October). Leaves collected for measuring parasitism were selected systematically by removing 20-30 leaves infested with ash whitefly, 5 to 8 leaves from each quarter of the release tree canopy. Collected leaves were placed in a paper bag and enclosed in a plastic bag in an ice-filled cooler for transporting to Sacramento. Samples were stored at 7 to 13°C and processed within 2 weeks. In 1990, evidence of parasitism was based on color change in the pupal stage of the ash whitefly, a method we later found to greatly underestimate percent parasitism. Therefore, in 1991 and 1992, fourth instar or pupae of the ash whitefly were dissected with the aid of a stereomicroscope and examined for developing E. inaron. A whitefly was recorded as parasitized if one or more eggs, larvae, or pupae of E. inaron were observed in the fourth instar or pupal stage of ash whitefly (these stages have the highest likelihood of detectable parasitism). Thirty whitefly nymphs or pupae were selected for dissection, up to three from each leaf, for each sampling event. The first three individuals encountered near the mid-vein of a leaf, beginning at the leaf petiole, were dissected. If whiteflies were absent along the mid-vein, individuals were selected at increasing distance from this region.
Twenty leaves, 4 to 6 from each quarter of the release tree canopy, were collected in the same manner as above for estimating whitefly density, except they were selected arbitrarily, and placed in a separate paper bag. The number of ash whitefly eggs, larvae, and pupae on the abaxial surface of each leaf was counted with the aid of a stereomicroscope. Individuals were recorded from either the left or right halves of a leaf, alternating sides for each leaf sample.
The density of ash whitefly was recorded on a per leaf area basis since a wide variety of plant types with widely varying leaf sizes were sampled. Leaf area was estimated by measuring the length and width of leaves collected for whitefly density estimates and using regression equations that predicted leaf area. Coefficients for these equations were generated prior to sampling release sites by regressing leaf area measured from 30 leaves for each plant taxon measured using a Licor 3100 instrument, and the product, length 3 width of the same leaves. The R 2 values for these regressions were 0.98 or greater.
The impact of parasitoids was first examined by observing the postrelease change in whitefly density and parasitism at a large number of sites from 1991 to 1992. All release sites used in these comparisons were located in central and northern California. Means and standard deviations were generated by summing whitefly density and parasitism values at a site and then averaging these over all sites sampled within a given month (e.g., n 5 number of sites with established populations of E. inaron in June, July, etc.). The impact of parasitoids on the ash whitefly also was evaluated comparing whitefly densities within the same year in sites with and without established populations of E. inaron. Parasitoid populations were designated as established if they had overwintered at a release site.
Regional Differences in Impact of E. inaron
The distribution and impact of herbivorous and entomophagous insects is often determined by climatic conditions (Varley et al., 1973; Messenger et al., 1976; Wellington and Trimble, 1984) . Climatic matching is frequently used to select candidates for importation (Messenger et al., 1976) or for predicting the potential distribution of exotic, invasive pests (Sutherst and Maywald, 1991; Busby, 1991) . Therefore, the influence of climate on E. inaron's establishment and impact on the ash whitefly was assessed. Counties where parasitoids were released were grouped by similarity in climate. In 1990, parasitoids were released into two climatically distinct regions defined by evapotranspiration maps (Pruitt, 1984; State of California, 1974) and county boundaries: the central coast region (Santa Barbara and San Luis Obispo counties), with a cool summer and mild winter, and California's Central Valley region (Fresno, Kern, Tulare counties) with a warm summer and cool winter. In 1991, parasitoids were released into 28 additional counties. Because these areas represent more varied climatic conditions than those of the 1990 releases, and California had been experiencing below normal rainfall for a 5-year period, counties were grouped based on climatic similarities as defined by principle components analysis and clustering techniques (SAS, 1987) , rather than traditional climatic maps (Pruitt, 1984) . Principle components were derived from climatic data (July 1991 to June 1992) collected at weather stations in each of the counties where E. inaron were released. The principle components obtained were independent variables characterizing unique dimensions of a climate, free of multi-colinearity found in monthly weather data. A clustering procedure was used to group counties by similarity of weather parameters using the derived principle components. The original weather variables were the observed high and low temperature, averaged by month, and monthly accumulated rainfall for the 1991/1992 rain season, 36 variables in total. These weather variables have often been cited as critical delimiters in the spread and impact of imported natural enemies (Varley et al., 1973; Messenger et al., 1976) . The first five principle components, explaining 89% of all component variation, were generated from these weather variables using Proc PRINCOMP (SAS, 1987) . Six regions (clusters), accounting for 78% of component variance, were created using Ward's Clustering Method (SAS, 1987) . Assigned region names and their respec-tive counties were: (1) Central Valley (Alameda, Contra Costa, Kings, Madera, Merced, Sacramento, San Joaquin, Stanislaus, and Yolo), (2) north valley (Colusa, Glenn, Sutter, Yuba), (3) foothills (Amador, Sonoma), north mountains (El Dorado, Placer), south mountains (Mariposa, Tuolumne), and coast (Santa Clara, San Mateo). Whitefly density and parasitism were compared among regions by summing densities and parasitism at release sites and then averaging across sites within regions. Means and standard errors were reported.
Effect of Host Plants
The impact of E. inaron on the ash whitefly may vary among species of host trees. To test this hypothesis, the density of ash whitefly and its parasitism by E. inaron were compared among four of the most commonly sampled plant taxa: ash, ornamental and evergreen pear, pomegranate, and hawthorn. Experimental units were represented by single release trees. The number of ash whitefly per 20 leaves and parasitism of 30 whiteflies were obtained from each tree, as above, 8 to 91 per taxa. A one-way ANOVA was used to test for differences among treatment means (tree taxa). Only sites where E. inaron had overwintered 1991 to 1992 were analyzed. These sites represented the largest number of trees in which E. inaron had been established within the same year. The GLM procedure (SAS, 1987) , assuming fixed effects, was used to test for differences among treatment means because of its ability to handle an unequal number of observations for each treatment. Comparisons involving parasitism used the arcsine square root transformation of the data.
Economic Analysis of the Ash Whitefly Biological Control Project
Cost/benefit studies of biological pest management techniques have traditionally been concerned with the costs of control and the monetary losses from the change in crop production that would have occurred had the biological control program not been effective (Voegele, 1989; Tisdell, 1990; Habeck et al., 1993) . The cost of the ash whitefly biological control program includes expenses needed to identify and monitor the pest and to import, identify, collect, rear, distribute, and monitor the parasitoid. The benefits include the value people place on healthy, esthetically pleasing trees in an urban environment; protection of agricultural tree crops including pomegranate, apple, pear, and citrus; and curtailing activities by public and private enterprise to reduce nuisance factors associated with ash whitefly outbreaks. Due to the short duration of the ash whitefly infestation, it is unknown to what extent ash whitefly damage would have impacted yields on infested agricultural crops nor the scope of activities by public agencies in urban areas to mitigate its impact. To our knowledge, records have not been kept by cities on pesticide usage for ash whitefly control. Therefore, the major emphasis of our economic analysis has been the impact of the ash whitefly on the esthetic quality of urban forests, a quantifiable measure based on tree numbers and quality in areas affected by this pest.
Economic impact on esthetic quality of urban forests. To estimate the value of protecting the esthetic qualities of an urban forest the following information was obtained: (1) areawide distribution of ash whitefly and extent of damage to host trees; (2) urban tree population densities in California and percentage of the trees susceptible to the ash whitefly; (3) average size of host trees; and (4) the species, condition of trees, and location factors for determining a tree's value.
City arborists and public works departments were contacted in 33 cities throughout California for inventories of public trees and damage due to ash whitefly. Selected cities represented the diversity of geography throughout the state. Some cities provided inventories on all trees planted (Glendale, Modesto, Riverside, Santa Barbara, San Luis Obispo, Stockton, and Ventura). Other cities only provided inventories on ash and ornamental/evergreen pear trees (Burbank, Davis, Ontario, San Bernardino, Santa Clara, Sacramento, and Yuba City). Based on climatic data and the extent of damage to infested trees by the ash whitefly reported by city arborists, counties with urbanization were grouped into two different geographical regions (three counties lacked substantial urbanization and were not included). The first region included counties with hot, dry climate (Butte, Fresno, Kern, Los Angeles, Merced, Orange, Placer, Riverside, Sacramento, San Bernadino, San Diego, San Joaquin, Solano, Stanislaus, Sutter, Tulare, Yolo, and Yuba) where the ash whitefly caused ''extreme'' damage (70 to 90% defoliation to host trees). The second region included cooler, wetter counties (Alameda, Contra Costa, Marin, Monterey, Napa, Santa Barbara, Santa Clara, San Luis Obispo, San Francisco, San Mateo, Santa Cruz, Shasta, Sonoma, Ventura) where the ash whitefly caused ''major'' damage to host trees (40 to 50% defoliation). The land area of each urban center in each county, and for each of the 14 cities which provided street tree data, was obtained from the United States 1990 census data on Urbanized Areas (United States Dept. of Economics and Statistics Administration, Bureau of the Census). These data only included information on trees maintained by city public work's departments.
Each tree species was categorized as a nonhost of the ash whitefly, a primary host, a secondary host (minimal damage), or an overwintering host (Sorensen et al., 1990 , T. Paine, personal communication). Primary hosts were ash and ornamental and evergreen pear, which comprise 17% of the urban forest. Damage to the secondary host trees was minimal (only 4% of the total street tree populations) and they were omitted from the economic analysis.
The total number of ash and pear street trees in urban areas of California was estimated. First, the density of each tree taxa per hectare was calculated by dividing the total number of each street tree by the city's land area for those communities providing data. The total number was tabulated by multiplying the average number of trees per hectare by the total land area of the urbanized centers in each geographical area.
The total value of preserving trees in a geographical region was calculated by multiplying its number of trees by the respective esthetic value change (AVC) per tree. The esthetic value change of primary host trees was estimated using techniques developed by the International Society of Arboriculture. The esthetic value change (a per tree estimate of the economic benefit to people in urban settings as a result of the ash whitefly biocontrol program) was calculated by the following formulae. where Replacement Cost is cost (retail or wholesale) to buy and install the largest normally available transplantable tree in the region; Basic Price is cost (retail or wholesale) per unit trunk area of a replacement tree measured at the height prescribed by the American Nursery standards. In this analysis a replacement tree is the largest normally available transplantable tree; Trunk Area a is trunk area in square inches of a cross section of the tree being appraised at a height of 4.5 ft; and Trunk Area r is trunk area in square inches of a cross section of the largest normally available transplantable tree at a height of 6 to 12 inches.
Since a city could pay either a wholesale or retail price, both are used to represent a lower and upper limit on benefits. The wholesale and retail prices of replacement trees, with and without installation, were obtained from eight retailers and wholesalers throughout California by randomly selecting businesses from phone books for different cities. A 15-gal. (56 liter) container-grown plant with a 1.5 in. (3.8 cm) diameter served as the ''Basic Price.'' The trunk areas of the trees being appraised were obtained by measuring over 100 ash and ornamental pear at a height of 4.5 ft (1.37 m) from streets randomly selected in Davis, California.
The species, condition, and location factors are percentage adjustments and used to estimate the appraised value of different species of trees, in different settings, and at different levels of damage or health. The ''species factor'' rating varies geographically and is a measurement of how well a tree species interacts with its physical environment. Information on species factors was obtained from the ''Species Classification and Group Assignment'' (International Society of Arboriculture, 1992). The ''location factor'' rating is determined by a plant's unique functional and esthetic contributions and its placement in a specific landscape, e.g., along streets, in parks, etc. The condition rating is determined by evaluating a tree's structural integrity and its state of health. The average location factor for street trees was obtained from an appraisal of the urban forest in Oakland, California (Nowak, 1993) .
The species adjustment factor was 50% for ash trees and 70% for evergreen and ornamental pear trees. The location adjustment factor was 60% for street trees. These adjustments remained constant in estimating the damage from the ash whitefly. The change in the condition factor determined the change in esthetic value due to ash whitefly damage. The change in the condition factor adjustment depended on geographical area. If the tree was in region 1, where there was extreme damage, the condition factor changed from 71 to 56.5%. If a tree was in region 2, where there was major damage, the condition factor changed from 71 to 64%. Changes in the condition factor were calculated based on changes in the condition rating. Condition rating was determined by the sum of the rating scores for roots, trunk, scaffold branches, smaller branches/ twigs, and foliage. Each category was ranked on a scale of 0-5 with a total of 25 points possible. A rating of 5 indicates that there are no problems present. The total number of points given to a tree based on its condition was then used to determine the condition factor. For this analysis the average condition factor of street trees is 71%, which corresponds to a total rating of approximately 19 points. Using 19 points as an average for street trees, each of the five categories has an average rating of approximately 4 points.
The total value for preserving esthetic qualities of the ash and pear trees was then calculated as Sum [Total ash trees in Region (i) 3 AVC for ash trees in Region i 1 total pear trees in Region (i) 3 the AVC for pear trees in Region (i)] for i 5 1,2.
Other nonquantifiable economic impacts. Crop damage figures were not available to those few crops attacked by the ash whitefly. Therefore, we examined the potential loss to agricultural crops by collecting information on the production value of crops known to be attacked by this whitefly. Data on total production of apple, edible pear, pomegranate, and citrus and their value were collected from CDFA published statistics.
RESULTS
Distribution and Release of E. inaron
Adult parasitoids were recovered within 2 months of our releases at all of 128 release sites in 35 central and northern California counties. Only E. inaron emerged from ash whitefly in our samples. E. inaron was never found parasitizing ash whitefly at the time of parasitoid releases, except on two occasions. These individuals were likely parasitized by E. inaron that immigrated or were carried on whitefly-infested plant material to the sites.
Field Evaluation of Parasitism
The ash whitefly was monitored in Fresno, Kern, Tulare, Santa Barbara, and San Luis Opisbo counties for the impact of E. inaron over 3 years (1990) (1991) (1992) because they received parasitoids during the first year of the 3-year statewide colonization program (Fig. 1). 
FIG. 1. California counties in which E. inaron was released.
The highest densities of whiteflies recorded in these counties over this period occurred in 1991, with an average of 13.1/cm 2 leaf (Fig. 2) . It is unlikely that densities were higher during the early part of summer 1990, prior to our sampling, because the ash whitefly was just invading the region. Release sites having five or more ash whiteflies/cm 2 of leaf decreased from 89% in 1990 to 4% in 1992 (Fig. 3) . Release sites where the ash whitefly was absent increased from 11% in 1990 to 96% in 1992.
The decrease in ash whitefly density from 1990 to 1992 was associated with the introduction of E. inaron into California. Where parasitoids were released in 1991, ash whitefly density decreased dramatically between summer 1991 and summer 1992 (Fig. 4a) . The ash whitefly density peaked at 28 individuals/cm 2 leaf in 1991 but did not exceed 2.0 individuals/cm 2 leaf during summer 1992. By fall 1992, ash whitefly eggs and nymphs were difficult to find at any of the 128 release sites in the 35 central and northern California counties. During summer 1992, 80 to 90% of the ash whitefly were parasitized (Fig. 4b) . These percentages were attained 1 year after E. inaron was initially released at release sites. In contrast to the rapid increase in density beginning in mid summer 1991, ash whitefly densities remained at low densities during the same period in 1992 (Fig. 4a) . Where parasitoids were rare or absent during 1991 in central and northern California, ash whitefly densities increased to an average of 28 individuals/cm 2 leaf (Fig. 5a ). In contrast, at sites where E. inaron overwintered during 1990-1991, ash whitefly density peaked in mid summer at 8.82 individuals/cm 2 leaf and then declined to 0.85/cm 2 leaf in November. Correspondingly, parasitism of the ash whitefly was much higher at sites where populations of E. inaron had been established since 1990 and reached 100% by fall (Fig.  5b) . Parasitism of ash whitefly within 5 months of E. inaron releases in 1991 reached 64%.
While dissecting ash whitefly, we found increasing levels of superparasitism as E. inaron colonized sites. In 1991, up to 53% of dissected whiteflies in a sample (n 5 30) had two or more E. inaron eggs and/or larvae; on average 5.3% of whiteflies were superparasitized. In 1992, up to 77% of whiteflies in a sample had two or more immature E. inaron; an average of 20% were superparasitized. In 1991, as the level of parasitism increased at release sites we noted an increase in superparasitism (number of E. inaron eggs and larvae per whitefly host). Data were empirically fit to a two-parameter logarithmic function (Fig. 6 ) which explained 70% of the variation in data (P , 0.001, n 5 50). The average number of immature parasitoids per host increased to approximately three as parasitism increased at release sites (Fig. 6 ). Up to 13 eggs or 7 larvae were dissected from a single whitefly. The degree of superparasitism at these same release sites increased in 1992, averaging 5.5 eggs and/or larvae per host; up to 20 eggs and 18 larvae were found in ash whitefly hosts. The same model, however, explained only 14% of the variation in 1992 data (P 5 0.0001, n 5 201). More than one E. inaron pupa per host was never observed in an ash whitefly host.
We determined whether superparasitism was a random process using 1991 release sites where two or more parasitoid eggs were found in whitefly hosts. In 20 of 36 samples, the frequency of parasitoid eggs per whitefly host did not fit a Poisson (random) distribution (Sokal and Rholf, 1981) . In 18 of the 20 samples determined to be nonrandom, the model was rejected because a greater than expected number of eggs were oviposited into hosts or a greater than expected number of hosts lacked any eggs.
Regional Differences in Impact of E. inaron
In 1990, parasitoids were released into two distinctly different climatic regions as defined by evapotranspiration maps and county boundaries: the central coast area (Santa Barbara, San Luis Obispo counties), with cool summer and mild winter temperatures, and the Central Valley region (Fresno, Kern, Tulare counties), with warm summer and cool winter temperatures. The density of ash whitefly in 1990 averaged ca. 8 individuals/cm 2 leaf in both regions (Table 1 ; parasitism is not reported for 1990). By 1991, the average ash whitefly densities/cm 2 leaf (6SE) had increased to 9.19 6 1.36 in the Central Valley region and dropped to 3.1 6 0.72 along the coast. Mean parasitism (6SE) values of the ash whitefly for the two regions were similar, 61 (65.9) and 73 (66.3)%. The following year, 1992, whitefly numbers greatly decreased in both regions, averaging less than 1.0 individual/cm 2 leaf. Although the density of ash whitefly was higher on the coast, the densities in both regions were so low that infestations were difficult to detect.
Regional differences in density and parasitism of the ash whitefly for 1991 release sites were explored 1 year after releases (1992) by using clustering techniques on the first five principle components of 36 monthly weather variables to divide the state into areas of similar climate. Mean parasitism was high and varied little among regions: 90.9 to 95.8% (Fig. 7a) . The number of whiteflies/cm 2 leaf was ca. 4 to 26 times lower in 1992 than in the 1991 levels of 9.7 to 19.9/cm 2 leaf, and varied from 0.76 to 2.18 (Fig. 7b) . The estimated densities of whiteflies in the foothill and coastal regions were approximately twice that in other regions.
Effect of Host Plants
In 1992, 1 year after E. inaron was released into 27 counties, the density of ash whitefly did not vary significantly among hawthorn, ornamental and evergreen pears, ash, pomegranate, and edible pear (release site tree species); ANOVA model F value 5 1.76, P 5 0.1378. A power analysis of the ANOVA showed that a much larger sample was needed to accurately detect differences in the mean whitefly densities on these trees. Although observed mean whitefly densities were quite different (0.286 to 1.88), the variance was high, 3.36. The power (1-b) of the ANOVA to detect a difference in a set of means equal to those we observed was 0.56, meaning that a test with similar sample sizes and variances would detect a group of means as unequal as those observed 56% of the time.
Economic Analysis of the Biological Control Project
Economic impact on the esthetic quality of urban forests. The total area for urban centers was 11,364 km 2 for region one (warmer, drier areas) and 5065 km 2 for region two (cooler, milder areas). The average street tree density in urbanized areas was 86 ash/km 2 for region one and 20 ash/km 2 for region two, 23 ornamental pear/km 2 for region one and 16 ornamental pear/ km 2 for region two. In all, there were an estimated 974,848 ash trees and 262,894 pear trees in the drier, hotter region one and 101,914 ash trees and 79,987 ornamental pear trees in the cooler, milder region two (Table 2) .
In region one, where there was greater damage to trees infested with ash whitefly, the appraised value of an ash tree decreased by $178 to $694 at wholesale replacement prices and by $237 to $924 at retail replacement prices (Table 2 ). For pear trees in region one, the appraised value decreased by $128 to $498 at wholesale prices and by $190 to $739 at retail prices. In region two, where there was less damage from ash whitefly, the appraised value of an ash tree decreased by $86 to $787 at wholesale replacement prices and by $114 to $1047 at retail replacement prices. The appraised value of pear trees decreased by $62 to $564 at wholesale prices and by $78 to $850 at retail prices. The summary of benefits from this analysis shows that at wholesale tree prices the biocontrol effort provided $221,047,147 of protection in esthetic value at the wholesale level and $300,028,294 at the retail level. A liberal estimate for the cost of the program is $1,224,324, an estimate for indirect and direct costs (Table 3) . A large part of this cost is from salaries for permanent staff, many of whom spent only a portion of their time on this project, never 100%. Most likely the costs for the program would be greater than the direct costs $621,850 (expenses incurred by CDFA and UC specifically for the ash whitefly biological control program) but less than $1,224,324. Assuming maximum salary expenditures, the net benefits from the E. inaron releases are $219,822,823 at the wholesale level and $298,803,970 at the retail level. The respective benefit to cost ratios were $181:1 and $245:1.
Other nonquantifiable economic impacts. We know of only one case in which a farmer was unable to harvest a crop (pomegranate) as a result of an ash whitefly infestation, making a quantitative evaluation impossible for orchard crops. The loss of the pomegranate crop suggests that additional agricultural benefits are realized as a result of the biological control project, at least for pomegranates, and possibly other fruit. The potential long-term value in this project is demonstrated by crop revenues from pomegranate, as well as other fruit crops that were hosts to ash whitefly (Table  4) . Pomegranate, apple, pear, and citrus annual production value in 1990 varied from $9,555,200 for pomegranate to $1,169,829,430 for citrus. By preventing additional inputs for pest control (insecticide applications) in these crops, the net benefit of the biological control program increases.
In addition to the benefits to urban residents through preserving the esthetic beauty of urban trees and the benefits to growers, city public works departments also benefited from the E. inaron releases since they did not have to engage in damage mitigating activities. These activities include extra pruning of street trees, extra care of street trees (watering, fertilization, etc.), and felling damaged trees. Due to the high costs associated with continuous chemical pesticide treatments, cities did not generally spray street trees to manage the infestations of the ash whitefly.
DISCUSSION
The ash whitefly invaded and very rapidly spread throughout much of California between 1988 and 1991. Within 2 years of its importation, E. inaron was successfully mass reared and distributed to most of the 43 counties reporting infestations. Ash whitefly infested primarily woody shrubs and trees used in urban landscaping and was not, except for pomegranate and Asian pear, a serious agricultural pest. Widespread outbreaks of the ash whitefly occurred in urban centers with concentrated plantings of ash whitefly hosts. Outbreaks resulted in foliage coated with honeydew and sooty-mold, early season defoliation of trees, and limited outdoor activities by the general public due to health concerns over inhalation of adult whiteflies (Bellows et al., 1990, personal observations) . Parasitoids were released into affected counties approximately 1 year after the ash whitefly was first reported. Ash whitefly density decreased by at least 10-fold within 2 years after E. inaron was released. The large drop in ash whitefly density was associated with rapid increases in its parasitism by E. inaron. Comparisons of ash whitefly density at release sites in the absence of E. inaron showed that ash whitefly increased much more rapidly than at sites having E. inaron. Ash whitefly density increased slightly and then decreased during summer months at sites with well-established populations of E. inaron. These data and findings by Gould et al. (1992a,b) show that E. inaron alone reduced populations of ash whitefly. No other whitefly specific predators or parasitoids were associated with the ash whitefly in California. This relationship was observed over large, geographically diverse regions of the state, i.e., coastal, inland, and foothill counties. These parasitoids rapidly spread to nearby trees and caused similar reductions in whitefly numbers (Gould et al., 1992a; Ball, unpublished data) . The extent to which ash whitefly affected people in the state was indirectly measured during a survey of agricultural commissioners (Klonsky and Jetter, unpublished data) who reported on the number of phone calls they had received concerning this pest. At peak infestation, 19,000 calls were received over a 1-year period from all counties reporting infestations. This number dropped to 84 by 1993.
E. inaron was capable of reducing ash whitefly to approximately the same degree in all regions in which it was released. Whitefly density was reduced to levels that were difficult to detect in release trees. Swarms of adult whiteflies have not been observed or reported since statewide establishment of E. inaron. No measurable differences were detected in ash whitefly parasitism levels among regions. There was, however, a trend toward higher densities of whiteflies in regions with cooler summer temperatures, e.g., coastal and foothill counties. Apparently ash whitefly had greater survivorship or reproductive potential in regions of the state with milder summer temperatures. The long term differences in E. inaron's impact on ash whitefly among these regions, however, may be different since our analysis is based on 1 year of postrelease data. The ability for a single species of parasitoid to suppress the ash whitefly to such a low density over such a wide range of climate is unusual (DeBach and Rosen, 1991) . Often several strains or species have been released into California to control an exotic pest that is widely distributed.
The question of whether there are differences in ash whitefly densities feeding on different plant taxa remains unanswered. A greater sample size would have provided greater power in measuring differences, if they were present.
A high degree of superparasitism of the ash whitefly occurred as the number of ash whitefly was decreasing and percent parasitism was increasing, an observation also reported by Gould et al. (1992b) . Superparasitism may have been a nonrandom process. The number of E. inaron eggs per host did not fit a random, Poisson frequency distribution in 20 of 36 data sets. However, in 16 of the 36 data sets, its frequency of parasitism did fit this distribution. To adequately test this question, a larger sample using similar host tree species would be needed, as well as experimentally controlled number of whiteflies per leaf. Results also suggest that superparasitism was greatest when hosts became scarce.
Our results suggest that superparasitism is, at times, a directed behavior and does not occur simply by chance. The advantages to superparasitism are minimal. It may increase the likelihood that at least one parasitoid sibling survives in hosts where encapsulation occurs, where it is attacked by a conspecific, or from some other form of egg-larval mortality (Van Alphen and Visser, 1990) . More likely, high superparasitism reflects a high degree of host specificity by E. inaron for ash whitefly. The probability of an egg surviving to adulthood may be greater in a successfully discovered, yet previously parasitized host, than the probability of an E. inaron female adult successfully finding another unparasitized host of the same species in a nearby patch (Gould et al., 1992b) . A high level of superparasitism may also reflect a high ratio of parasitoids to hosts. The latter may only occur when a new parasitoid is released into an outbreak population of whiteflies.
Benefits resulting from the E. inaron biological control project include preservation of the esthetic value of trees, the protection of economically important agricultural crops, e.g., pomegranates, and the savings to cities and individuals from not having to carry out actions to control infestations of the ash whitefly. The base value of the quantifiable benefits from the change in appraised value of ash and pear trees was, at wholesale and retail replacement values, $221,047,147 and $300,028,294, respectively. The net benefits of the project at wholesale prices were $219,822,823 and at retail prices $298,803,970, with a respective rate of return per dollar spent of $181 and $245. Had the infestation not been controlled, cities and private citizens most likely would have managed the infestation using a variety of alternative techniques. These include felling trees, street tree pruning, hiring pest control operators, extra street cleaning, and spraying of trees. All of these activities represent costs deferred by the biological control project but were not quantifiable. Pomegranate, apple, pear, and citrus could potentially be affected by the ash whitefly in California. The production value for these crops in 1990 varied from $9,555,200 to 1,169,829,430. In contrast to the one time savings estimated for the value of trees in the California urban landscape, the savings to growers of these commodities would be realized each year from not having to pay for additional pest control measures. These, and savings to cities for not having to manage ash whitefly-infested trees, would accrue annually into perpetuity.
